BACKGROUND: ostomy surgery is common and has traditionally been associated with high rates of morbidity and mortality, suggesting an important target for quality improvement.
a pproximately 100,000 people in the united states undergo operations that result in a colostomy or ileostomy each year.
1 the high incidence of ostomy surgeries in the united states is attributed in part to the increasing prevalence of colorectal cancer and diverticular disease. 2, 3 Despite these being common operations, some reports indicate that ≤70% of patients experience postoperative complications. 4 dures, such as major cancer surgery in the elderly. 5, 6 Complications result in high costs for the healthcare system because of longer hospitalizations and higher readmission rates. 7, 8 Given this, ostomy creation procedures may represent a significant financial burden to hospitals and a source of suffering for patients who experience these complications, making these procedures a potential target for surgical quality improvement efforts. 9 however, the published literature lacks accurate data regarding the true morbidity and mortality ascribed to modern ostomy surgery. single institution studies and those based on administrative data lack generalizability and/or sensitivity for detecting complications, especially those diagnosed after hospital discharge. 10, 11 furthermore, it is unknown whether hospitals vary in their success with avoiding ostomy surgery complications. other types of high-risk surgery have demonstrated significant variation in outcomes, leading to opportunities for improvement through the replication of practices from the best-performing centers. 12 We used statewide data from a validated clinical registry in michigan to study rates of morbidity and mortality for ostomy surgery and whether results vary across hospitals. We adjusted analyses for case-mix and patient factors. We then focused on potential mechanisms for hospital variation by studying differences between high-and low-performing centers. understanding hospital variation in perioperative morbidity has the potential to identify targets for collaborative quality improvement in our region.
METHODS

Data Source and Study Population
Data were obtained from the michigan surgical Quality Collaborative (msQC) prospective clinical registry between 2006 and 2011. the msQC is a provider-led quality improvement organization funded by Blue Cross and Blue shield of michigan. Data from 34 participating hospitals were used for this analysis. this project followed standard data definitions and collection protocols for the msQC platform, as described previously. 13 Data collection occurs at the hospital level by designated msQC data-collection nurses. accuracy of data collection and maintenance is ensured by rigorous training of collection staff and data audits performed at participating sites. Variables collected include patient demographics, preoperative risk factors, laboratory values, perioperative factors and events, and 30-day postoperative morbidity and mortality rates. additional hospital-level data were obtained from the american hospital association hospital and health system Data Resources. specific variables included total bed size, inpatient medical/surgical bed size, intensive care unit (iCu) bed size, teaching hospital status, and the presence of dedicated inpatient wound care teams.
Patients were identified for study if they underwent ostomy creation surgery within the study period and were >18 years of age. Outcomes the primary outcome for this study was 30-day morbidity. secondary outcomes of interest included 30-day mortality and specific postoperative complications, such as surgical site infection (superficial, deep, and organ space defined separately), deep venous thrombosis, urinary tract infection, acute renal failure, postoperative bleeding requiring transfusion, stroke, unplanned intubation, fascial dehiscence, prolonged mechanical ventilation over 48 hours, myocardial infarction, pneumonia, pulmonary embolism, sepsis, and renal insufficiency. major complications excluded superficial surgical site infection, renal insufficiency, urinary tract infection, and deep venous thrombosis in the absence of pulmonary embolism. surgical complications were defined as postoperative bleeding requiring transfusion, fascial dehiscence, and surgical site infection. medical complications included all of the others listed above.
Statistical Analysis
to rank hospitals on the basis of performance, we applied risk-adjusted 30-day morbidity as the primary outcome. Risk-adjustment models were developed using backward stepwise logistic regression (α = 0.05 significance threshold) that included patient age, sex, race, Bmi, diabetes mellitus, smoking status, alcohol use, dyspnea, do-not-resuscitate status, preoperative functional status, chronic obstructive pulmonary disease, pneumonia, ascites, congestive heart failure, need for dialysis, hemiplegia, history of transient ischemic attack, disseminated cancer, steroid use, bleeding disorders, chemotherapy, radiotherapy, sepsis, esophageal varices, previous myocardial infarction, angina, hypertension requiring medication, peripheral vascular disease, previous operations, asa class, operative duration, surgeon specialty, admission before date of operation, emergency procedure status, and preoperative diagnosis. the final model included 13 variables, diabetes mellitus (none, noninsulin dependent, or insulin dependent), admission before date of operation (>24-hour inpatient stay immediately before operation), preoperative steroid usage, congestive heart failure, emergency status, do-not-resuscitate status, preoperative functional status (independent, partially dependent, or totally dependent), dyspnea (none, with exertion, or at rest), ascites, open versus laparoscopic operation, case complexity (ostomy creation only, repair of perforation with ostomy, resection with ostomy, abdominoperineal resection, or hartmann procedure), previous operation, and asa class (i to ii, iii, or iV to V). the C-statistic for the model was 0.701, and the hosmer-lemeshow p value was 0.359. highand low-outlying hospitals were identified if the Ci of their risk-adjusted complication rate did not encompass the overall mean rate across hospitals for that outcome. to identify potential mechanisms underlying differences between outcomes between low-and high-outlier hospitals, we assessed complication profile (major, surgical, and medical), emergent procedures, procedure mix, and the proportion of cases performed after >1 day of hospitalization (which is a surrogate for operations on inpatient consults or severely ill patients) between high-and low outlying hospitals. Differences between hospitals were compared using a t test for continuous variables, whereas χ 2 and fisher exact tests were used to assess differences in categorical variables.
all of the statistical analyses were performed using stata statistical software version 12.1 (stataCorp, College station, tX). this study was approved by the university of michigan institutional Review Board.
RESULTS
Study Population
We identified 4250 patients who underwent ostomy creation surgery in michigan between 2006 and 2011. Patient and operative characteristics are shown in table 2 and figure 1. the median age of the study population was 65.1 years, and 50.2% of patients were men. the median hospital length of stay was 10 days (interquartile range, 10 d). a total of 37.2% of the study population underwent emergency surgical procedures. there were 3866 procedures (91.0%) performed open, and 384 (9.0%) were laparoscopic. Differences in case mix are detailed in figure 1 . the most common preoperative diagnoses were diverticular disease/inflammation (n = 1615; 38.0%) and colorectal cancer (n = 1003; 23.6%; table 2). the unadjusted morbidity rate after emergent procedures (55.4%) was significantly higher than after elective cases (37.0%; p < 0.01; fig. 2 ). mortality was higher for emergent compared with elective cases (18.8% vs 5.9%; p < 0.01). morbidity and mortality rates were highest for resection and hartmann procedures ( fig. 3 ).
Variation in Morbidity After Ostomy Creation Procedures
Risk-adjusted morbidity rates across all 34 of the centers were high, with a mean of 43.9% (range, 30.1%-58.5%). the most common complications were need for postoperative ventilation (13.7%), need for postoperative transfusion (8.9%), sepsis (7.9%), and pneumonia (7.1%; table 3). hospitals were ranked by risk-adjusted 30-day morbidity rates. a plot of risk-adjusted morbidity rates including 95% Cis for each center was generated to identify hospi- tals for which the performance was significantly different from the overall mean ( fig. 4) . as a result, 3 low-outlier (low complication rate) and 5 high-outlier hospitals were identified. no outliers with respect to risk-adjusted mortality were identified (range, 6.1%-10.8%).
Understanding Hospital Variation
Potential mechanisms for observed differences in outcomes between low-and high-outlier hospitals were assessed by categorizing complications by nature (major, surgical, and medical). Predictably, high-outlier centers had significantly higher rates of major (42.4% vs 25.1%; p < 0.001), surgical (26.0% vs 14.4%; p < 0.001), and medical (39.7% vs 24.0%; p < 0.001) complications when compared with low-outlier centers. although rates of postoperative morbidity were clearly higher at high-outlier hospitals, there were no systematic differences in the profiles of such complications. in other words, major, surgical, and medical complications all increased proportionally from low-to high-outlier centers. We also examined individual complications (eg, pneumonia, myocardial infarction, and superficial surgical site infection) and did not find patterns of differences in the distribution of complication types between high-and low-outlier hospitals (data not shown). these analyses refuted our hypothesis that best-performing hospitals might be avoiding particular types of complications operative and patient characteristics were also compared between low-and high-outlier hospitals (table 4) . there were no significant differences in the proportions of cases performed emergently, laparoscopically, or after >1 day of hospitalization (a proposed surrogate measure for cases performed after urgent, inpatient consultation or on patients with severe comorbidities). in addition, there were no significant differences in patient age or the percentage of patients receiving ostomy surgery for malignancy. there was a small, statistically significant difference in the median operative time between low-(120 min) and high-outlier (135 min; p < 0.001) hospitals. lower median length of stay was observed at low-outlier hospitals when compared with high-outlier hospitals (8.5 vs 10.0 d; p = 0.004). no differences in average bed size, iCu availability, or residency training status were observed (data not shown). furthermore, all of the high-and low-outlier centers had wound care teams available at their hospital.
DISCUSSION
surgery in which an ostomy is created is common in general surgical practice; thus, understanding the risks associated with these procedures is important for hospitals, surgeons, and for the purposes of resource planning and appropri- ate patient counseling. this study demonstrates that morbidity after ostomy creation procedures is high and varies significantly across michigan hospitals. these observations are not explained by patient and procedural factors or baseline hospital characteristics. although certain patient comorbidities are associated with a higher risk of postoperative complications, this work suggests that hospital and surgeon practices may also contribute to significant differences in morbidity rates, because adjusting for these factors did not change the finding of significant variation. Risk-adjusted morbidity rates in this study were impressively high, ranging by hospital from 30.1% to 58.5%. these rates exceed what has been reported for emergent general surgical procedures, where the propensity for poor outcomes is well established.
14 furthermore, because our database does not currently include ostomy-specific complications, such as dehydration, skin breakdown, and prolapse, these rates may underestimate the true burden of morbidity. although our cohort included emergent and nonemergent cases, colorectal operations performed in the elective setting have similarly high morbidity rates when an ostomy is placed. 15, 16 lower morbidity and mortality rates have been reported in several large series where segmental colectomy with primary anastomosis was performed. 17, 18 this suggests that an increase in overall risk for complications occurs when an ostomy is performed. although rates were high across all of the centers, we also observed a significant difference between hospitals, an observation not described previously in the literature. Despite this, we were unable to explain our findings based on the clinical data available. furthermore, hospital characteristics, including overall bed size, number of iCu beds, teaching hospital status, and wound care teams, were not significantly different across hospitals. true case volumes for individual hospitals or surgeons are not available given that the msQC collects data on a case-sample basis, but the volume of cases in the registry was also not associated with outcome variation.
factors explaining hospital variation in postoperative morbidity are not well understood, particularly in the setting of ostomy creation. Recent work has shown that colorectal procedures represent the greatest share of adverse events of any procedure category within general surgical practices. 17 surgeons and hospitals have responded to this in several ways. attention to preoperative optimization and surgical technique may significantly reduce infectious complications, as shown in several studies.
19-21 the use of ostomy nurses for stoma marking and patient education may also improve outcomes. 22 Differences in implementation and adherence to these practices are unknown and could inform targeted quality improvement within our collaborative.
to study this further, the msQC plans to direct attention to those sites identified as high and low outliers with respect to complications after ostomy creation. this will include studying specific processes of care related to surgery with ostomy placement. Preoperatively, this will focus on patient presentation, triage, and management by medical and surgical teams. in discussing this topic with msQC member surgeons, we have learned that the great- est variability in surgical practice may occur during this period where patient optimization may be important. there will be additional focus on technical aspects of these procedures. finally, the msQC is interested in how ostomy patients are managed postoperatively. this includes, but is not limited to, dedicated ostomy nurses, care by medical versus surgical teams, and wound care. this work has several limitations, first being its retrospective study design. furthermore, the clinical registry attempted to collect all of the relevant clinical information. however, unmeasured variation in case severity limits the analysis. We are also unable to differentiate between colostomies and ileostomies, because we use Current Procedural terminology codes for identification of patients. at this time, we do not capture ostomy-specific complications, although future data collection may be modified to include these, given the findings of the present study. nonetheless, we believe that this work identifies a group of procedures that are at particularly high risk of complication. Patient presentation is also important, because it has the ability to inform both patient preparation and operative planning. as explained above, future work will address these limitations by focusing on specific practice-level differences in patient care at high-and low-outlier centers within our collaborative in an effort to identify best practices that might be disseminated statewide. this approach has proven effective within regional collaboratives for the development and implementation of quality improvement initiatives. 22 in conclusion, this study demonstrates that morbidity after ostomy surgery is high. although significant hospital variation exists, morbidity rates were high even at the best performing centers, suggesting that ostomy surgery represents an important target for quality improvement.
